A lot of good outcomes have been reported after opening-wedge high tibial osteotomy (OWHTO) and closing-wedge high tibial osteotomy (CWHTO).The purpose of this study was to examine the rotational alignment after OWHTO and CWHTO performed by the same surgeon in one hospital.
However, there are still few literatures about postoperative rotational alignment, and the content differs for each article. Therefore, there is been no unified view about the postoperative change of rotational alignment. We thought that one of the reasons why there is no unified view is to be multifactorial. Many factors such as osteotomy procedures and techniques performed during osteotomy surgery affect postoperative rotational alignment. Hence, it is necessary to evaluate the rotational alignment of tibia in the situation reducing the variation of affecting surgical factors. We hypothesized that it is possible to reduce surgical variance in procedures and techniques by performing the operation by the same surgeon.
PURPOSE
The purpose of this study was to examine the rotational alignment after OWHTO and CWHTO performed by the same surgeon in one hospital.
PATIENTS
The sample included 30 knees from 24 patients. In all cases, the same orthopaedic surgeon performed the osteotomy surgeries using the same method. The OWHTO group included six men and nine women (mean age = 60 years, range = 47-73 years). The mean body mass index (BMI) was 26.6 kg/m 2 (range = 22.8-32.6 kg/m 2 ). The mean correction angle was 8° (range = 5-10°). The osteotomy was fixed with Tomo-Fix plate ® (DePuySynthes, Bettlach, Switzerland) for 10 knees and TriS Medial HTO Plate System ® (Olympus Terumo Biomaterials, Japan) for 5 knees. Anterior cruciate ligament (ACL) reconstruction was performed simultaneously in two knees, and double level osteotomy (DLO) was performed in three knees. A Takeuchi 1 type 1 lateral hinge fracture complication was seen in one knee.
The CWHTO group included eight men and seven women (mean age = 57 years, range 42-73 years). The mean BMI was 23.9 kg/m 2 (range = 19.6-29.5 kg/m 2 ). The mean correction angle was 11° (range = 6-17°), which was significantly larger than that of the OWHTO Group (p < 0.05; Student's t-test). This group included nine Hybrid HTO,2 and all 15 surgeries were performed using the Lateral HTO plate ® (Olympus Terumo Biomaterials, Japan). Posterior cruciate ligament (PCL) reconstruction was performed simultaneously in one case (Table 1) . 
SURGICAL TECHNIQUE
The same surgeon operated on all patients, performing both OWHTO and CWHTO by biplane osteotomy. The ascending cut was performed while maintaining the thickness of flange (thickness of tubercle) at one third of the tibia, with the cutting angle of the ascending plane being 100° to the oblique plane. In OWHTO, the superficial medial collateral ligament (sMCL) was completely released at the distal attachment. Pes was preserved, except for two cases which was performed simultaneous ACL reconstruction using the hamstrings. The oblique osteotomy was started at the medial cortex 4cm distal from the medial tibia plateau, and ended at the lateral hinge point (5mm medial from the lateral cortex and just the height of the proximal tibiofibular joint).The oblique osteotomy site was gradually opened using a bone spreader in knee extension position on the operating table. In CWHTO, fibula osteotomy was initially performed in the mid portion. The proximal oblique osteotomy was started at the lateral cortex 4cm distal from the lateral tibia plateau. The distal osteotomy line was decided using a goniometer under fluoroscopic control. After removing the closed wedge bone fragment, the oblique osteotomy site was carefully closed with additional axial force in the position of the knee extension. In only one case, PCL reconstruction using the hamstrings was performed simultaneously. The nine Hybrid HTO were performed according to the procedure of Takeuchi et al. 2 
METHODS
Computerized tomography (CT) of the tibia was performed just before the operation and within 1 week postoperatively. The tibial external rotation angle (TERA) was measured using the CT images of proximal tibial plateau and distal tibial malleolus ( Fig. 1 ) from the consecutive axial CT slices of tibia. These two images were superimposed and the angle between the tangent line to the posterior condyles of the proximal tibia and the coronal bisector of distal tibia was measured by Advantage Workstation 4.6 version 5 (GE Healthcare, Illinois, USA).
In this study, two considerations were examined. The first was the change in rotation angle, Fig. 1 Tibial external rotation angle (TERA) The tibial external rotation angle (TERA) was measured using the CT images of the proximal tibial plateau and distal tibial malleolus. The angle between the tangent line to the posterior condyles of the proximal tibia and the coronal bisector of distal tibia was measured as TERA.
which was defined by TERA noted before and after the operation. The second was the relationship between the correction angle of the osteotomy and the rotation angle change of the distal tibia. The first was evaluated using the paired-Student's t-test, while the second was analyzed with Pearson's correlation coefficient.
RESULTS
In the OWHTO group, the mean TERA was 21.4± 7.0° preoperatively and 20.2 ± 8.0° postoperatively, but no significant difference was seen between pre-and post-operative measurements (p = 0.21). A significant TERA increase (that is, external rotation of the distal tibia) was seen postoperatively in only three knees. One knee had a type 1 lateral hinge fracture and two knees (bilateral knees of one patient) had severe varus deformities that required DLO. Complication was found in one case, which was a type 1 lateral hinge fracture.
In the CWHTO group, the mean TERA was 19.9 ± 10.5° preoperatively and 16.5 ± 9.5° postoperatively, a significant difference was seen between pre-and post-operative TERA (p < 0.05). This result demonstrates that the internal rotation of the distal tibia was decreased postoperatively (Fig. 2) .
No significant correlation was seen between the correction angle and the change of the rotation angle in either group (OWHTO: r = 0.40, CWHTO: r = 0.12) (Fig. 3) .
DISCUSSION
Various reports have been published regarding rotational alignment after OWHTO. Some papers [3] [4] [5] reported that rotational alignment of the distal tibia was changed to internal rotation, while others 6,7 described external rotation. We thought that one of reasons for various reports existing is that the changes in rotational alignment were affected by many factors, especially surgical procedures and techniques such as a coronal ascending osteotomy angle and knee position during operation. Therefore, in the present study, all operations were performed by the same surgeon in the same hospital, meaning that differences according to individual surgeon and surgical technique were eliminated.
In the OWHTO group, both internal and external rotation of the distal tibia occurred after the operation. The mean TERA was decreased, showing a slight internal rotation of the distal tibia postoperatively, but the difference was not significant. Although this result included all OWHTO cases, in case of type 1 lateral hinge fracture, we thought there was a possibility that irregular rotation might have been caused by collapse of the lateral hinge. For that reason, we excluded this one case from the analysis and evaluated the results again. As a result, the distal tibia tended to be internal rotation (p = 0.08). Reconfirming all OWHTO cases, a significant increase in postoperative TERA (that is, external rotation of the distal tibia) was seen in only three knees (one knee type 1 lateral hinge fracture and two knees from one patient with bilateral DLO) (Fig. 4) . In the type 1 lateral hinge fracture case, the instability at the hinge site might have caused irregular rotation during the osteotomy. In the bilateral DLO case, the patient had a severely degenerated varus knee (Femorotibial angle of right knee 191°, left knee 190°). In cases of severe osteoarthritis of knee, there was a tendency for the lower limbs, including hip joints, to be external rotation (Fig. 5) . Particularly under general anaesthesia, the tendency of external rotation of the distal tibia became prominent due to muscle relaxation, and a strong rotation force was applied to the osteotomy site. We speculated this rotation force might cause external rotation of the distal tibia after OWHTO. From these cases, not only surgical factors such as osteotomy procedures and techniques, but also factors concerning patients might affect rotational alignment after OWHTO.
Regarding factors related to rotational alignment changes after OWHTO, Hintewimmer et al 3 reported that medial soft tissue such as hamstrings cause internal rotation of distal tibia. Same as this report, in the present study, most of the cases in the OWHTO group show internal rotation of the distal tibia. We performed ACL reconstruction using the hamstrings simultaneously for cases 10 and 11. Although the hamstrings had been harvested before the osteotomy, a 2° internal rotation of the distal tibia was observed postoperatively in case 10, while there was no change In the CWHTO group, the mean TERA was 19.9 ± 10.5° preoperatively and 16.5 ± 9.5° postoperatively, a significant difference was seen between pre-and post-operative TERA (p < 0.05). in case 11. Hamstrings might not have a great effect on rotation alignment of the distal tibia after OWHTO. Certainly, it is inadequate to discuss this point using these two cases. More cases in which hamstrings were harvested are needed and other medial soft tissue besides hamstrings should also be evaluated.
Notably, in the three cases which showed external rotation of the distal tibia after OWHTO, 191°, left 190° ) . There was a tendency for the lower limbs, including hip joints, to be externally rotated. As can be seen, bilateral feet face out while walking. the ascending plane of osteotomy did not contact completely in a postoperative CT image. Especially in case1 (case of type 1 lateral hinge fracture), gap space was seen between the flange and proximal tibia. This gap formation might be related to the external rotation of the distal tibia. There is a possibility that excessive external rotation of the distal tibia could create a gap at the ascending osteotomy site, which could cause delayed gap filling. Schroter et al 8 stated that lateral hinge fractures cause instability and delayed gap filling at the osteotomy site. Also in the present case 1, gap filling was delayed. We consider that both instability around the hinge point and the gap space at the ascending osteotomy site caused the delayed gap filling. Therefore, when opening the oblique osteotomy site, surgeons should be careful of not only the anterior-posterior alignment, but also the rotational alignment confirming the complete contact between the flange and proximal tibia.
Recently, patellofemoral joint problems after OWHTO have been reported. 9 Excessive external rotation of the distal tibia might also increase the pressure on the patellofemoral joint and encourage the development of patellofemoral joint osteoarthritis. Even considering this patellofemoral joint problem, excessive external rotation of the distal tibia should be avoided. Keeping the distal tibia in the correct position or slightly internal rotation can be one solution to avoid excessive external rotation and gap formation at the ascending osteotomy site.
Regarding other factors concerning rotational alignment changes after OWHTO, Lee et al 10 reported that the hinge axis angle significantly affects rotational alignment change after OWHTO. However, in the present study, we did not consider the hinge axis angle. Besides this, there might be other surgical and procedural factors affecting the rotational alignment of the distal tibia after OWHTO. More cases and studies are needed to further elaborate on these points. In the CWHTO, the mean TERA decreased significantly in postoperative CT images; that is, internal rotation of the distal tibia and anterior translation of the tibia tubercle. Due to these changes, the pressure on the patellofemoral joint was decreased. CWHTO can be an appropriate method for medial compartment osteoarthritis, especially with patellofemoral joint osteoarthritis, compared with OWHTO. No significant correlation was seen between the correction angle of osteotomy and the change in the rotation angle. It seems unnecessary to be concerned about excessive internal rotation of the distal tibia after CWHTO, even in cases of major correction CWHTO for patients with severe varus knee. In the present study, the nine cases of Hybrid HTO were included in the CWHTO Group. Although there are some differences in the operation of both, there was no significant difference in the changes in postoperative rotational angles between CWHTO and Hybrid HTO (p =0.5; Student's t-test). There was also no significant difference in the results, regardless of whether CWHTO and Hybrid HTO were handled together or separately. Therefore, we evaluated them as identical in this study. However, because of the small number of cases, further investigation may be necessary.
CONCLUSIONS
In the present study, we evaluated the tibial rotational alignment after OWHTO and CWHTO eliminating the differences due to individual surgeons and surgical technique as much as possible. In the OWHTO group, both internal and external rotation of the distal tibia can occur after surgery. Especially in the case of a lateral hinge fracture and severe osteoarthritis with extreme external rotation of the lower extremity, the surgeon should confirm not only the anterior-posterior alignment, but also the rotational alignment during the operation. In the CWHTO group, the distal tibia rotated internally postoperatively. No significant correlation was seen between the correction angle and the change in the rotation angle in either group.
